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In the context of Supersymmetric Grand Unified theories with soft breaking terms arising at
the Planck scale, it is generally possible to link flavor changing neutral current and CP violating
processes occurring in the leptonic and hadronic sectors. We study the correlation between flavor
changing squark and slepton mass insertions in models a` la SU(5). We show that the constraints
coming from lepton flavor violation exhibit a strong impact on CP-violating B decays.
The phenomenology of low-energy supersymmetric
(SUSY) extensions of the Standard Model (SM) cru-
cially depends on the mechanism responsible for breaking
SUSY itself, namely on the structure of the SUSY soft
breaking terms. It is possible to explore these terms by
studying the production and detection of SUSY particles.
In addition, one can shed light on these terms by analyz-
ing the SUSY effects on rare flavor changing neutral cur-
rent (FCNC) and CP violating processes. Obviously for
this latter approach the flavor structure of the soft break-
ing terms is of utmost importance. Theoretically, we can
distinguish two opposite situations. First, we can have
SUSY breaking mechanisms which are completely insen-
sitive to flavor (for instance, pure dilaton breaking in
supergravities, gauge or anomaly mediated SUSY break-
ing). Alternatively, SUSY breaking can feel the flavor
structure leading to soft breaking terms which are not
flavor universal (this is what happens in supergravities
which have also moduli breaking). In spite of the orig-
inal flavor blindness of certain SUSY breaking mecha-
nisms, we can still have large flavor non-universalities in
the low-energy SUSY breaking sector. This occurs if the
universal soft terms appear at some energy scale much
larger than the electroweak scale in the presence of new
flavor structures (for instance, in Grand Unified models
or in the presence of new Yukawa couplings as in the see-
saw model). In the running between these two scales, the
soft breaking terms can ‘pick up’ non-universal contribu-
tions: soft scalar masses and scalar trilinear terms bear
a ‘memory’ of the high energy flavor structures through
their RG evolution. In conclusion, either that we start
from SUSY breaking mechanisms which are not flavor
blind or that we produce flavor non-universality through
the RG scaling, we can envisage the general situation
that soft SUSY breaking terms are flavor non-universal
at the electroweak scale.
To analyze flavor violating constraints at the elec-
troweak scale, the model independent Mass-Insertion
(MI) approximation is advantageous [1]. In this method,
the experimental limits lead to upper bounds on the pa-
rameters (or combinations of) δfij ≡ ∆
f
ij/m
2
f˜
; where ∆fij
is the flavor-violating off-diagonal entry appearing in the
f = (u, d, l) sfermion mass matrices and m2
f˜
is the aver-
age sfermion mass. In addition, the mass-insertions are
further sub-divided into LL/LR/RL/RR types, labelled
by the chirality of the corresponding SM fermions. De-
tailed bounds on the individual δs have been derived by
considering limits from various FCNC processes [2]. As
long as one remains within the simple picture of the Min-
imal Supersymmetric Standard Model (MSSM), where
quarks and leptons are unrelated, the hadronic and lep-
tonic FCNC processes yield bounds on corresponding δq’s
and δl’s which are unrelated. The situation changes when
one embeds the MSSM within a Grand Unified Theory
(GUT).
In this letter, we study the correlation between the
δq’s and δl’s in SUSY GUTs and show that lepton fla-
vor violating processes (as µ → e γ or τ → µ γ) can
severely constrain the observability of SUSY contribu-
tions to hadronic FCNC processes and vice-versa.
In a SUSY GUT, quarks and leptons sit in the same
multiplet. As long as the scale associated with the trans-
mission of SUSY breaking to the visible sector is larger
than the GUT breaking scale, the quark-lepton unifica-
tion seeps also into the SUSY breaking soft sector leading
to squark-slepton mass squared unification. The exact re-
lations between the mass matrices depend on the choice
of the GUT gauge group. As a consequence, the fla-
vor off-diagonal entries ∆fij in these mass matrices are
also unified at the GUT scale. For instance, in SU(5)
(∆dij)RR and (∆
l
ij)LL are equal; in SO(10) all ∆ij are
equal at MGUT implying strong correlations within FC-
NCs at that scale. What is going to happen of such strong
correlations when we reach the electroweak scale? In a
simple situation of “Big Desert”, i.e., no new particles or
interactions betweenMGUT andMW , these relations are
left essentially unaffected by the RGE effects and thus
the relations between ∆ij can be cast in terms of δij at
the weak scale. The situation changes if some new par-
ticles with intermediate masses interact differently with
2quarks and leptons, for instance right-handed neutrinos
in a see-saw mechanism. In this particular case, the lep-
tonic ∆ij receive new RGE contributions [3], breaking
the exact hadron-lepton correlation at the electroweak
scale. However, as we show below, it is still possible to
extract useful information from these GUT correlations.
The connection between quark and lepton δ param-
eters can have significant implications on flavor phe-
nomenology. Indeed, using these relations, a quark δ
parameter can be probed in a leptonic process or vice
versa. In this way, it is possible that constraints in one
sector are converted to the other sector where previously
only weaker or perhaps even no bounds existed. For ex-
ample, we find that using the leptonic radiative decay
process lj → li γ, it is possible to probe some squark
δ parameters to a higher precision, unhindered by the
hadronic uncertainties. On the other hand, some slep-
tonic δ parameters, which are unconstrained, can receive
bounds from the quark sector.
To be specific, we concentrate on the SUSY SU(5)
framework and derive all the relations between squark
and sleptonic mass insertions. We then study the im-
pact of the limit from τ → µ γ on the b → s transition
observables, such as ACP (B → φKs).
The soft terms are assumed to be generated at some
scale above MGUT . Note that even assuming complete
universality of the soft breaking terms at MPlanck, as
in mSUGRA, the RG effects to MGUT will induce fla-
vor off-diagonal entries at the GUT scale [4]. Hence we
assume generic flavor violating entries to be present in
the sfermion matrices at the GUT scale. The part of
the superpotential relevant for quarks and charged lep-
ton masses can be written as
WSU(5) = h
u
ij Ti Tj H + h
d
ijTi F¯j H¯ + µ H H¯, (1)
where we have used the standard notation with T trans-
forming as 10 and F¯ as 5¯ under SU(5). The correspond-
ing SU(5) invariant soft potential has now the form :
−Lsoft = m
2
Tij T˜
†
i T˜j +m
2
F¯
˜¯F
†
i
˜¯F j +m
2
H +m
2
H¯
+Auij Ti Tj H +A
d
ij Ti F¯j H¯ +Bµ H H¯, (2)
where the same symbols are used for the scalar compo-
nents of the superfields. Rewriting the above in terms of
the Standard Model representations we have
− Lsoft = m
2
Qij Q˜
†
i Q˜j +m
2
uc
ij
u˜c
⋆
i u˜
c
j +m
2
ec
ij
e˜c
⋆
i e˜
c
j
+m2dc
ij
d˜c
⋆
i d˜
c
j +m
2
Lij L˜
†
i L˜j +m
2
H1H
†
1H1 +m
2
H2H
†
2H2
+Auij Q˜iu˜
c
jH2 +A
d
ij Q˜id˜
c
jH1 +A
e
ij L˜ie˜
c
jH1 + . . . (3)
where
m2Q = m
2
e˜c = m
2
u˜c = m
2
T (4)
m2
d˜c
= m2L = m
2
F¯ (5)
Aeij = A
d
ji . (6)
Eqs. (4, 5, 6) are matrices in flavor space. These equa-
tions lead to relations within the slepton and squark fla-
vor violating off-diagonal entries ∆ij . These are:
(∆uij)LL = (∆
u
ij)RR = (∆
d
ij)LL = (∆
l
ij)RR (7)
(∆dij)RR = (∆
l
ij)LL (8)
(∆dij)LR = (∆
l
ji)LR = (∆
l
ij)
⋆
RL (9)
The relations between ∆LL’s and ∆RR’s descend from
the fermionic representations under SU(5), whilst the
∆LR’s and ∆RL’s relations also depend on the Higgs re-
sponsible for fermion masses.
The relations are exact atMGUT ; however, after SU(5)
breaking, quarks and leptons suffer different renormal-
ization effects and thus, they are altered at MW . It
is easy to see from the RG equations that off-diagonal
elements in the squark mass matrices in eqs. (7 - 8)
are approximately not renormalized due to the small-
ness of CKM mixing angles and that the sleptonic en-
tries in them are left unchanged (in the absence of right-
handed neutrinos). On the other hand, eq. (9) receives
corrections due to the different nature of the RG scaling
of the LR term (A-parameter). This correction can be
roughly approximated as proportional to the correspond-
ing fermion masses. Taking this into consideration, we
can now rewrite the eqs. (7 – 9) at the weak scale as :
(δdij)RR ≈
m2L
m2dc
(δlij)LL, (10)
(δu,dij )LL ≈
m2ec
m2Q
(δlij)RR, (11)
(δuij)RR ≈
m2ec
m2uc
(δlij)RR, (12)
(δdij)LR ≈
m2Lavg
m2Qavg
mb
mτ
(δlij)
⋆
RL, (13)
wherem2Lavg (m
2
Qavg
) are given by the geometric average
of left- and right-handed slepton (down-squark) masses√
m2L m
2
ec
(√
m2Q m
2
dc
)
, all of them defined at the
weak scale.
To account for non-zero neutrino masses, the seesaw
mechanism can be implemented within this model by
adding singlet right-handed neutrinos. In their presence,
additional couplings occur in eqs. (1 - 9) at the high scale,
corresponding to the Dirac and Majorana masses which
affect the RG evolution of slepton matrices. To under-
stand the effect of these new couplings, one can envis-
age two scenarios [5]: (a) small couplings and/or small
mixing in the neutrino Dirac Yukawa matrix, (b) large
couplings and large mixing in the neutrino sector. In
case (a), the effect on slepton mass matrices due neutrino
Dirac Yukawa couplings is very small and the above rela-
tions eqs. (10) - (13) still hold. In case (b), however, large
RG effects can significantly modify the slepton doublet
3Transitions (L) Transitions (D) Transitions (U)
(δl)RR (δ
d)LL (δ
u)LL,RR
µ→ e ↔ s→ d ↔ c→ u
τ → e ↔ b→ d ↔ t→ u
τ → µ ↔ b→ s ↔ t→ c
(δl)LL/LR/RL (δ
d)RR/RL/LR –
µ→ e ↔ s→ d – –
τ → e ↔ b→ d – –
τ → µ ↔ b→ s – –
TABLE I: Links among various transitions between up-type,
down-type quarks and charged leptons. The corresponding
δ’s are shown.
flavor structure [3] while keeping the squark sector and
right handed charged slepton matrices essentially unmod-
ified, thus breaking the GUT symmetric relations. Even
in this case, barring accidental cancellations among the
mass insertions already present at MGUT and the ra-
diatively generated mass insertions between MGUT and
MνR , there exists an upper bound on the down quark δ
parameters of the form:
|(δdij)RR| ≤
m2L
m2dc
|(δlij)LL| (14)
while Eqs. (11 – 13) remain still valid in this case.
The relations (11 - 14) predict links between lepton
and quark flavor changing transitions at the weak scale.
We summarize these links in Table I. For example, we
see that µ→ e γ can be related to K0−K¯0 mixing and to
D0 − D¯0 mixing. Similarly, one can expect correlations
between τ → e γ and Bd − B¯d mixing as well as between
τ → µ γ and b→ s transitions such as B → φKs.
To demonstrate the impact of these relations, let us
assume that all the flavor diagonal sfermion masses are
approximately universal at the GUT scale with m2T =
m2
F˜
= m2H = m
2
H˜
= m20 with flavor off-diagonal entries
m2
f˜
= m201l + ∆
f
ij , with |∆
f
ij | ≤ m
2
0. (15)
∆fij can be present either through the running from the
Planck scale to the GUT scale [4] or through some fla-
vor non-universality originally present [6]. All gaugino
masses are unified to M1/2 at MGUT . As mentioned
above, the ∆ parameters do not receive any significant
corrections, whereas the diagonal entries are significantly
modified (see for instance Tables I and IV in [7]). For a
given set of initial conditions (M1/2, m
2
0, A0, ∆ij , tanβ)
we obtain the full spectrum atMW with the requirement
of radiative symmetry breaking. We then apply limits
from direct searches on SUSY particles. Finally, we cal-
culate the contributions of different δ23 parameters to
both leptonic process and hadronic processes, consider-
ing the region in the (m0,M1/2) plane corresponding to a
FIG. 1: Allowed regions in the Re(δd23)RR–Im(δ
d
23)RR plane
(top) and in the SKφ–Im(δ
d
23)RR plane (bottom). Constraints
from B → Xsγ, BR(B → Xsℓ
+ℓ−), and the lower bound on
∆Ms have been used.
relatively light sparticle spectrum, with squark masses of
roughly 350–550 GeV and slepton masses of about 150–
400 GeV.
The b → s transitions have received recently much
interest as it has been shown that the discrepancy with
SM expectations in the measurements of ACP (B → φKs)
can be attributed to the presence of large neutrino mix-
ing within SO(10) models [8]. Subsequently, a detailed
analysis has been presented [9, 10] within the context
of the MSSM. It has been shown that, for squark and
gluino masses around 350 GeV, the presence of a O(1)
(δd23)LL,RR could lead to significant discrepancies from
the SM expectations. Similar statements hold for a
O(10−2) LR or RL MI. In the present work, we study
the impact of LFV bounds on these δ parameters and
subsequently the effect on B-physics observables. In Ta-
ble II, we present upper bounds on δd23 within the above
mass ranges for three values of the limits on Br(τ → µ γ).
There are no bounds on (δd23)LL because, as is well known
[11], large values of (δlij)RR are still allowed due to the
cancellations of bino and higgsino contributions in the
decay amplitude.
At present, the constraints coming from B physics are
stronger than those obtained for the lepton sector in the
cases of (δd23)LL,LR,RL. Therefore no impact on B phe-
nomenology is expected even if the present bound on
BR(τ → µ γ) were pushed down to 1 × 10−7. On the
contrary, the bound on (δd23)RR induced by BR(τ → µ γ)
is already at present much stronger than the bounds from
4Type < 6 · 10−7 < 1 · 10−7 < 1 · 10−8
LL - - -
RR 0.070 0.030 0.010
RL 0.080 0.035 0.010
LR 0.080 0.035 0.010
TABLE II: Bounds on (δd23) from BR(τ → µγ) for three
different values of the branching ratios for tan β = 10.
hadronic processes, reducing considerably the room left
for SUSY effects in B decays. To illustrate this point
in detail, we repeat the analysis of ref. [9] including the
bounds coming from lepton processes. We therefore com-
pute at the NLO branching ratios and CP asymmetries
for B → Xsγ and B → φKs, BR(B → Xsℓ
+ℓ−) and
∆Ms (see ref. [9] for details). In the first row of Fig. 1, we
plot the probability density in the Re(δd23)RR–Im(δ
d
23)RR
plane for different upper bounds on BR(τ → µ γ). Note
that making use of eq. (10) with |(δl23)LL| < 1, implies
|(δd23)RR| <∼ 0.5 as the ratio (m
2
L/m
2
dc) varies roughly be-
tween (0.2 − 0.5) at the weak scale, for the chosen high
scale boundary conditions. The effect on (δd23)RR of the
upper bound on BR(τ → µ γ) is dramatic already with
the present experimental value. Correspondingly, as can
be seen from the second row of Fig. 1, the possibility of
large deviations from the SM in the coefficient SφK of the
sine term in the time-dependent ACP (B → φKs) is ex-
cluded in the RR case. Hence, we conclude that in SUSY
GUTs the most likely possibility to strongly depart from
the SM expectations for SφK relies on a sizeable contri-
bution from (δd23)LL or (δ
d
23)LR,RL as long as they are
small enough to be within the severe limits imposed by
BR(B → Xsγ) [9].
Exploiting the Grand Unified structure of the theory,
we can obtain similar bounds on other δdij parameters.
For example, considering the first two generations, the
bound on δd12 from BR(µ→ e γ) can in many cases com-
pete with the bound from ∆mK [2]. Similar comparisons
can be made for the δd13 from limits on BR(τ → e γ) and
B0d − B¯
0
d mixing. A detailed analysis of δ
d
12 and δ
d
13 will
be presented elsewhere [12].
In summary, Supersymmetric Grand Unification pre-
dicts links between various leptonic and hadronic FCNC
observables. Though such links have recently been ob-
served in the literature within the context of the see-saw
mechanism [13], to our knowledge, it is the first time
that relations between hadronic and leptonic mass inser-
tions have been presented in a general manner. Though
such relations can be constructed for any GUT group, we
have concentrated on SU(5) and quantitatively studied
the implications for transitions between the second and
third generations. We have shown that the present limit
on BR(τ → µ γ) is sufficient to significantly constrain
the observability of supersymmetry in CP violating B-
decays.
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